Development of new varieties with high yield and adequate biochemical traits for manufacturing industries become the main objective of sweet potato breeding programs. Currently, a limited number of sweet potato varieties are available without specific varieties for industrial purposes. The introduction of new resources is considered one of the most important approaches for genetic improvement for this crop. A total of fifteen sweet potato clones in addition to local check variety "Mabruka" were grown in a field trial during 2015 to 2016 to identify the promising clones for yield and some biochemical traits mainly related to industrial purposes and bioethanol production. High values of genetic variance combined with moderate to high heritability in broad sense for the majority of studied traits indicating the magnitude of genetic variation in the total phenotypic expression. Furthermore, high coefficient of genetic variation was found among the evaluated material for total carotenoid followed by ethanol potential with 71.61% and 37.24%, respectively. Regarding genotype x season interaction, factorial analysis revealed the different responses of the tested clones for environmental conditions. The correlation coefficient analysis revealed a negative insignificant correlation between root yield and dry matter (r = -0.123) while positive highly significant correlation was noted between dry matter content and both total starch and ethanol production, r = 0.795 and 0.891, respectively. The results indicated that sweet potato promising clones have range dry matter content from 23.20 % to 31%; dry yield from 3.729 to 4.212 t/fed and starch from 52.91 to 65g/100g based on dry weight. Two sweet potato promising clones, "Carriru v" and "T carro 1" have yield potential 16.09 and 13.63 t/fed., respectively and ethanol production between 1826.3 to 2210.4 L/fed. It could be recommended that releasing these clones through the national variety release system as industrial sweet potato varieties. The clone UFVJM-56 had the highest carotenoid content with attractive orange flesh color, protein and dry matter content more than the "Mabruka" local variety that could be used as fresh type or in food industries due to its high nutritional value.
INTRODUTION
The sweet potato (Ipomea batatas (L) Lam) can be grown under broad range of conditions with relatively minimum agricultural inputs besides the wide adaptation of this crop to extreme environmental conditions as drought and low illness incidence that enabled it as easily cultivable and tractable crop (Cao et al. 2011; Duvernay et al. 2013) . The total area of sweet potato production in Egypt estimated by 22484 feddan in 2014 with total production of about 312000 tons with average production 13.8 ton/fedden according to FAO (2016) . The majority of this production comes from two main cultivars of sweet potato; Abees and Mabrouka that widely grown in the local agriculture system (Abdelmonem and Samaa, 2014) .
The dry matter is the most important factor that determines the efficiency of industrial roots due to it is direct association with diverse products derived from sweet potato. For the acceptability of a new sweet potato variety, the dry matter content should be more than 25% (Shumbusha et al. 2010) . Slafer and Savin (1994) and Mwanga et al. (2007) reported high dry matter content as an important characteristic of a good sweet potato suitable for industrial that can be used for ethanol production (Loebenstein and Thottappilly, 2009; Cervantes-Flores et al. 2010) . In this context, new industrial sweet potatoes breeding lines has been reported by Duvernay et al. (2013) and Ziska et al. (2009) that could produce ethanol yields of 1890-2730 L/fed compared to 1176-1590 L/fed for corn.
Carbohydrates represent the most component of roots in sweet potato, on dry basis it contains about 80-90% carbohydrate of which starch represent more than 60% (Woolfe, 1992) . Hence, it has a higher starch yield could be produced per unit than grains (Duvernay et al. 2013 ; Lee et al. 2012) . There are many forms of root processing as starch, alcoholic beverages, ethanol, flour and purees. The starch is used as raw material to produce glucose syrups, noodles, and organic acids, besides its importance in textile industry (Tian and Blanshard, 1991) . Other processing methods include the manufacture of dried sweet potato chips, which can be milled into flour for incorporation into other food products (Woolfe, 1992) .
Despite its importance, genetic improvement efforts are considered limit in sweet potato, probably due to the high levels of self-incompatibility and cross incompatibility, polyploidy with large chromosome number (2n=6X=90) (Magoon et al. 1970; Ozias-Akins and Jarret, 1994) . For further improvement of sweet potato, introducing of new germplasm under the local conditions is considered one of the plant breeding methods that could provide new genes such as for dry matter, total starch high protein content. In addition, introducing of dark orange-fleshed in some sweet potato varieties with high β-carotene content more than the current local varieties can be combating vitamin A deficiency (Li, 1982) . Furthermore, genetic diversity studies as a pre-breeding step and the knowledge of relationships between characters could aid in the development of breeding programs in Ipomea batatas.
Developments of new varieties with high yield and adequate biochemical traits for manufacturing industries in sweet potato become the main objective of breeding programs nowadays. Currently, a limited number of sweet potato varieties, about sex, are available in Egypt without specific varieties for industrial purposes. Hence, introducing new resources of this crop is needed for genetic improvement. This work aimed to study the potential of some introduced resources of this crop for manufacturing applications through identify the promising resources with high dry matter, starch yield and β-carotene under the local conditions. Furthermore, evaluate the performance and magnitude of G x E interaction under the local condition of Egypt.
MATERIALS AND METHODS
Two field experiments were conducted at Elbaramon farm, Horticultural Research Station, Mansoura, Dakahlia Governorate during successive seasons 2015 and 2016. Based on root yield productivity, a set of sweet potato clones were selected from preliminary screening during summer season of 2014. Genetic materials in current study were obtained from germplasm bank University of Jequitinhonha and Mucuri, Diamantina, Brazil. Fifteen sweet potato clones (Table 1) After 150 days from planting, the following traits were measured as follows: total root productivity was obtained by weighting all the roots with diameter equal or more than 2.5 cm for each plot and the outcome were expressed in ton/fed. Number of roots per plant was estimated as average number of roots produced by plot divided by the total number of plants. Root length and root diameter in cm were estimated as the average of 10 roots in each replication. The percent of dry matter content was obtained in samples of approximately 500 g, by drying in electrical oven at 65 °C until constant weight (Dogras et al. 1991) . While the dry yield in ton/fed was estimated based on total root yield per fed. Total starch content (g/100 g dry weight) was estimated according to the protocol purposed by McCleary and Monaghan (2002) . Crude protein was estimated according to Kjeldahl procedure (Picha, 1985) . Total carotenoid content as g/100 g fresh weight was estimated according to Picha (1985) . Ethanol-production potential (L/Fed) was estimated according to Lavarack (2003) based on starch content where 1 g starch could produce average of 0.567 kg ethanol, where 1 kg ethanol equal 1.27 L ethanol at 25 °C.
The data for each season were subjected to individual ANOVA according to Steel and Torrie (1960) assuming the random model effect as follows:
where value of the ith genotype in the jth replication; µ: population means; Gi: effect of the ith genotype; Rj: effect of the jth replication; : effect of experimental error. While the combined data over the two seasons were subjected to two-factor analysis of variance for obtain the effects of clones (G), (E) environments and (G × E) interactions assuming the random model for both clones and environments. The comparison between means of the treatments was accomplished using LSD test at 5% and 1% levels of probability according to Snedecor and Cachran (1980) . Statistical analyzes including the genetic and phenotypic parameters and simple correlation were performed with the aid of computer program GENES v.2015.5.0 (Cruz, 2013) .
RESULTS AND DISCUSSION

Genotype performance under the local conditions Yield components and root color
Fifteen clones of sweet potato were tested during two summer seasons for different root yield and biochemical traits in order to identify promising clones focusing on industrial-sweet potato type. Regarding root yield (ton/fed.), significant differences at 5% and 1% of probability were observed among the evaluated sweet potato clones (Table 1) . Only two clones "Cariru V" and "T carro 1" that showed higher yield than the check local variety "Mabruka" estimated by16.09 ton/fed and 13.63 ton/fed, respectively as mean over the two seasons. On the hand, during the second season, five clones gave yield more than the check variety. The mean average over two seasons demonstrated that the superiority of both "Cariru V" and "T carro 1" comparing with the check variety (Table 1) .
Regarding number of roots per plant, generally, it ranged between 3-11 roots per plant as a total regardless its diameter. The clone "Arruba" gave the highest number of roots, 11 roots/plant during the first season and as mean over two years followed by "Cariru V" and "T carro 1". In general there were significant differences in number of roots between the imported clones and the check variety in each season and over the two years. Moreover, about nine clones exhibited number of roots per plant more than "Mabruka". In similar study, Ali et al.(2009) , reported that maximum number of roots/plant was 5.13.
Regarding root length in cm, the majority of clones showed root length more than the local variety "Mabruka" especially those with cream skin and white flesh color. Similar values of root length were recorded during the two seasons with small differences. "Cariru V" recorded the highest root length of 23.83 cm while the clone "B. Rosa" gave the lowest average of root length, 15 cm. The root length and root diameter estimations were only on roots of diameter equal or more than 2.5 cm. Root diameter did not differ much from season to another for the same clone demonstrating relative stability and homogeneity regarding this trait. Broad range of variability in root diameter was observed, 2.633 to 8.217 cm where the clone UFVJM-30 with cream skin color and dark purple flesh color was the highest in root diameter. In similar study, Ali et al. (2009) obtained average diameter of roots estimated by 3.87cm.
Dry matter and biochemical traits
The dry matter represents the principal factor that determines the performance of industrial roots, since it is directly related to the diverse products derived from sweet potato. The performance of sweet potato clones differed somewhat during the two seasons however the clone "T carro 1" had the highest dry matter content of 31% over the two seasons followed by "Palmas", 29.90% compared with check variety, 22.32% with an increase of 38.85% and 33.96%, respectively over the local variety "Mabruka". Similar values of dry matter content were recorded by Ayoub (2005) and Shehata et al. (2006) on sweet potato however "Mabrouka" gave higher dry matter than the other tested cultivars that reported by the same authors. However less values of dry matter 17% and 19% were obtained by Samy et al. (2014) for "Mabruka" than in current study. For total dry yield per unit land ton/fed, the clones "T carro 1" and "cariru v." recorded the highest dry yield per fed. estimated by 4.601 and 3.729 ton/fed, respectively with an increase 64.53% and 45.66%, respectively over check variety (Table 2) . While twelve clones produced dry yield less than the check variety. On the other hand, significant differences were observed among the tested clones including the check variety regarding the amount of total starch, g/100g in dry base. Total starch ranged from 30.85 to 65 g/100g db for UFVJM-2 and B. Rosa, respectively as a mean over the two seasons. Similar values of starch content were reported by Wendy et al. (2017) on sweet potato whereas elevated values of total starch reached 74.5% were obtained by Zhang et al. (2002) . However positive and highly significant correlation (0.795) was observed between dry matter content and the total amount of starch (Figure 1-b) which indicating selection for high dry matter often being associated with high starch content. While this relation was negative in the case of dry matter content with root yield (r = -0.124) but statically insignificant (Figure 1-a) .
For crude protein content, in general the majority of tested clones recorded higher protein content more than the check variety "Mabruka" ranged from 3.718% to 8.025%. Although the genotype UFVJM-7 recorded the highest content of protein, it had low dry matter as well as starch content beside inferior root yield than the check variety. However the clone "T carro 1" had relatively high protein content, it had high dry matter content as well as average root yield of 13.63 ton/fed.
Regarding total carotenoid which represents β-carotene the majority of its component, different clones in current study were selected basically on their skin and flesh color. As it is known, the skin as well as the flesh contains significant amounts of carotenoids and anthocyanin pigments. In general high carotenoid content was found in the clones with dark orange and dark purple flesh color. The clone UFVJM-56 recorded high carotenoid content estimated by 8.697 g/100 g fresh weight. This genotype previously characterized by its medium root yielding with attractive flesh color that similar to carrot color in addition to other interest characters (Elsayed, 2014) .
In general, carotenoid content varied from 0.932 to 8.697g/100 g fresh weight since the clones with cream or white flesh color showed low content of carotenoid comparing with the other clones with colored flesh (Table 1 ). The orange fleshed sweet potato varieties that have high β-carotene are desirable by developing countries for overcoming vitamin A deficiency and as antioxidant. In similar study of Hua et al. (2015) that found high anthocyanins content in purple sweet potato (6.23 mg/g d.w) while Red-fleshed and yellow-fleshed cultivars showed small amount of anthocyanins (2.56 mg/g and 1.32 mg/g), respectively while the white-fleshed cultivar showed undetectable value.
The expected ethanol productivity, that highly depends on the amount of dry matter content as well as the available starch for fermentation process, The tested clones differed significantly in their capacity for ethanol production L/fed according to the amount of root yield, dry matter content, starch and other industrial factors. In current study we estimated the ethanol potential based on starch content where 1 g starch could produce average of 0.567 kg ethanol. In this context, a broad range of ethanol, 600.4 L/fed to 2210.4 L/fed was noted for UFVJM-2 and T carro 1, respectively (Table 2 ). In addition selection for high dry matter would be useful when screening for high ethanol sweet potato potential as result of the positive strong correlation (r= 0.891) between dry matter content and the potential for alcohol production (Figure 1.c) .
Individual and combined analysis of variance
The individual analysis of variance and mean squares of yield and biochemical traits were obtained and the results are presented in (Table 3) . It appeared from the Table that the mean squares of the clones were highly significant for all studied traits in both seasons. The combined analysis over the two seasons as shown in (Table 4) summarizes the mean square of seasons, genotype x season interaction. For all studied traits, the effect of season was insignificant which revealed the fact that behavior of all studied traits was not changed from season to other. Regarding genotype x season interaction, the combined analysis of variance revealed that different levels of interaction for studied traits. In this context, root yield showed significant interaction at 5% of probability revealed the different responses of the tested clones for environmental conditions regarding its productivity. The same finding was observed for the number of roots per plant, dry matter content, total starch, crude protein and ethanol production that showed high significant G x S interaction at 1% of probability. While the absence of this interaction was observed for root length, root diameter and total carotenoid indicating the behavior of the different clones did not differ statically from season to another for these traits (Table 4) .
Phenotypic and genetic parameters
For effective phenotypic selection, it should define its genetic value as well as the magnitude of environmental factors. This could be done by estimation of some genetic and phenotypic parameters for accurate and effective selection. Different genetic and phenotypic parameters of yield and biochemical traits were obtained and are presented in (Table 5 ). It appeared from the Table that the  high values of genetic variance ( ) comparing with other variance components for all studied traits indicating the magnitude of genetic variance in the total phenotypic expression over the evaluated sweet potato clones. In addition, high values of heritability in broad sense ) were noted for the majority of studied traits ranged from 65.52% to 98.07%. While the total starch and number of roots per plant showed low coefficient of heritability.
High heritability associated with high genetic advance was obtained for dry matter %, yield/plant (Abdelmonem and Arafa, 2014; Azevedo et al. 2015) . Regarding the coefficient of genetic variation (CVg), it permits the prediction of the genetic variability existent among the evaluated genetic materials and can be used as economic weight in some indices of selection. In this context, a broad range of CVg along the studied traits was obtained from 12.84% to 71.61%. High coefficient of genetic variation was found among the evaluated material for total carotenoid followed by ethanol potential with 71.61% and 37.24%, respectively. Whereas elevate coefficient of genetic variation but relatively low was detected for root length, total starch, root yield with CVg of 12.84%, 19.81% and 20.46%, respectively. Regarding experimental coefficient (CVe) as an indicator for experimental precision, moderate values of CVe were obtained that ranged between 6.663% and 19.42% (Table 5) . Furthermore, the ratio between the genetic and experimental coefficients of variation was more than 1 for all studied traits, indicating the efficacy of selection process. In current study, a set of sweet potato clones were tested for yield and biochemical properties related to industrial use. The clones varied in the total root yield, number of roots per plant, root diameter, length, dry matter content and starch content. The accumulation of dry matter which is a measure of whole-plant photoassimilation varied greatly along the studied clones. White and cream fleshed sweet potato has the potential of starch content and ethanol yield higher than the other fleshed sweet potato colors. The cream skin and white flesh color of "Cariru v" had the highest significant root yield and dry weight per fed however its moderate starch content, this genotype is a promising for ethanol production per unit (1826.3 L/fed). While "T carro 1" gave the highest dry matter, 4.212 ton/fed, with the highest ethanol production, 2210.4 L/fed, that could be recommended for bio-ethanol production in further studies. On the other hand, UFVJM-56 had the highest carotenoid content with attractive orange flesh color, protein and dry matter content more than the "Mabruka" local variety. Such characters of UFVJM-56, could be used in direct consumption as well as for industrial use due to its high nutritional value. For well explore the high GxE interactions, further adaptation studies with different locations should be conducted to determine which clones are more acceptableand yield stable.
